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BEAM TRACKING MOBILE
COMMUNICATION SYSTEM, BASE
STATION, AND USER EQUIPMENT

TECHNICAL FIELD

The present invention relates to a field of mobile com-
munication technology, and especially relates to beam track-
ing technology in a 3D-MIMO (Three-Dimensional Mul-
tiple Input Multiple Output) based mobile communication
system.

BACKGROUND ART

In Releases 8 to 11 of the technical specifications of the
3GPP (Third Generation Partnership Project), which 1s an
international standardization organization, for a downlink of
an LTE (Long Term Evolution) radio access scheme, tech-
nology has been adopted that 1s for a base station to execute
beam forming in the horizontal direction by using a plurality
ol antenna ports (AP) arranged 1n a lateral direction. For
Release 12, a three-dimensional MIMO (3D-MIMO) has
been studied where, 1n addition to the horizontal direction,
a beam 1s formed 1n the vertical direction by installing a
plurality of antenna ports 1n the base station (cf. Non-Patent
Documents 1 and 2, for example). By forming beams in the
vertical direction (an elevation angle direction) and in the
horizontal direction (an azimuth angle direction), 1t 1s
expected that a system characteristic 1s enhanced.

For the purposes of the 3GPP standardization, the
3D-MIMO {for a case where a number of transmit antenna
ports 1s less than or equal to 8 1s called the “vertical beam
forming (Elevation Beamiorming),” and for a case where the
number of the transmit antenna ports 1s greater than 8 (e.g.,
16, 32, or 64), 1t 1s called FD-MIMO (Full-dimensional
MIMO). For the purposes other than the standardization, the
FD-MIMO 1s also referred to as a large-scale (Massive)
MIMO; and the antenna arrangement may not necessarily be
the two-dimensional arrangement or the three-dimensional
arrangement.

The FD-MIMO 1s technology for greatly enhancing the
frequency utilization efliciency by forming a sharp beam (or
a directivity) by using a very large number of base station
antenna elements. Similar to the vertical beam forming, by
using a plurality of antenna ports, a beam can be formed in
the horizontal and vertical directions.

PRIOR ART DOCUMENT

Non-Patent Document

Non-Patent Document 1: 3GPP TSG RAN #5358, RP-121994,
“Study on Downlink Enhancement for Elevation Beam-
forming for LTE”

Non-Patent Document 2: 3GPP TSG RAN #3538, RP-122015,
“New SID Proposal: Study on Full Dimension for LTE”

SUMMARY OF INVENTION

Problem to be Solved by the Invention

For the FD-MIMO or the Massive MIMO, by applying
precoding, beam gain can be increased; however, the beam
width 1s narrowed. When the beam width 1s narrowed, an
ellect of a beam tracking error 1s increased, so that a hole
tends to occur in the coverage. Considering the future
mobile communication technology on and after the fifth

10

15

20

25

30

35

40

45

50

55

60

65

2

generation (5G), 1t can be even assumed that the number of
the antennas will be from several hundreds to several tens of
thousands or more, so that an important problem 1s how to
cause a beam to track a user.

Accordingly, an object 1s to provide beam tracking tech-
nology, with which eflective beam tracking can be achieved.

Means for Solving the Problem

To achieve the above-described object, 1n a mobile com-
munication system including a base station provided with a
plurality of antenna ports, and user equipment that executes
radio communication with the base station, the base station
transmits a beam stream including a first beam for trans-
mitting data to the user equipment, and one or more second
beams for transmitting a precoded reference signal n a
direction toward a vicinity of the first beam; and upon
receiving the beam stream, the user equipment selects, from
the first beam and the second beam, and transmits, to the
base station, one or more suitable beam 1ndexes.

Advantage of the Invention

For mobile communication based on the 3D-MIMO
scheme, eflective beam tracking can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a schematic diagram of a mobile communi-
cation system to which beam tracking according to the
embodiment 1s applied;

FIG. 1B 1s a schematic diagram of the mobile communi-
cation system to which the beam tracking according to the
embodiment 1s applied;

FIG. 2A 1s a diagram 1llustrating an arrangement example
of a plurality of antenna ports;

FIG. 2B 1s a diagram illustrating another arrangement
example of the plurality of antenna ports;

FIG. 2C 1s a diagram illustrating another arrangement
example of the plurality of antenna ports;

FIG. 3A 1s a diagram 1illustrating an example of a beam
stream used for the beam tracking according to a first
embodiment;

FIG. 3B 1s a diagram illustrating another example of the
beam stream used for the beam tracking according to the first
embodiment;

FIG. 4 1s a diagram 1illustrating an example of multiplex-
ing a reference signal for tracking imnto a PDSCH (Physical
Downlink Shared Channel: a physical downlink shared
channel);

FIG. § 1s a diagram 1llustrating a method of beam tracking,
according to a second embodiment;

FIG. 6 1s a flowchart of a beam tracking method to be
executed by a base station;

FIG. 7 1s a schematic configuration diagram of a base
station apparatus to be used for the embodiments;

FIG. 8 1s a flowchart of tracking signal processing to be
executed by user equipment; and

FIG. 9 1s a schematic configuration diagram of the user
equipment to be used for the embodiment.

EMBODIMENTS OF THE INVENTION

In an embodiment, a base station transmits, to user
equipment, one or a plurality of beam candidates, 1n addition
to a currently formed beam (which 1s appropriately abbre-
viated as the “current beam™). The user equipment selects,
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from the current beam and the beam candidates, and feeds
back, to the base station, one or more beam 1ndexes. With
this configuration, the base station can eflectively cause a
transmit beam to track the user equipment by using infor-
mation on a current beam direction. For example, by limit-
ing the beam candidates to a part in the vicimity of the current
beam, the overheads of beam candidate transmission and
teedback can be reduced.

FIG. 1A and FIG. 1B are schematic diagrams of a mobile
communication system to which the beam tracking technol-
ogy according to the embodiment 1s applied. FIG. 1A
illustrates an example of elevation beamforming. A base
station 10A 1s provided with an antenna 21 including a
plurality of antenna ports; and the base station 10A trans-
mits, to user equipment 30A and user equipment 308 that are
served 1n a service area 11 of the own station, a data signal
and a reference signal by a plurality of beams having
directivity. The user equipment 30A and the user equipment
30B select and feed back, to the base station 10A, beam
indexes (BI: Beam Index) that are favorable for own sta-
tions, respectively. By the elevation beamforming, tracking,
1s facilitated for the movement 1n the vertical direction or 1n
the radius direction of the cell (the near-far direction, when
it 1s viewed from the base station 10A).

FIG. 1B 1llustrates an example of the massive MIMO. In
the example of FIG. 1B, a remote base station 100 that 1s
connected to the base station 108 i1s provided with an
antenna apparatus 22 including two-dimensionally arrayed
(NxM) antenna elements; and the remote base station 100
transmits a data signal and a reference signal by a plurality
of beams having directivity. The user equipment 30 selects
a favorable beam index; and the user equipment 30 feeds
back the selected beam index to the base station 10B via the
remote base station 100. The remote base station 100
executes RF (RF: Radio Frequency) transmission and recep-
tion with the user equipment 30, and RF front-end process-
ing; and the base station 10B executes baseband processing.
The combined base station 10B and the remote base station
100 may be regarded as the “base station 10.”

FIG. 2A through FIG. 2C illustrate examples of the array
of the antenna apparatus 22. In FIG. 2A, antenna elements
23 for a same polarization are two-dimensionally arrayed;
and the elements form antenna ports, respectively, to provide
64 antenna ports.

In FIG. 2B, antenna elements 24 for an orthogonal
polarization are two-dimensionally arrayed; and each of the
antenna elements 24 corresponds to two orthogonal polar-
1zation directions to form two antenna ports. In this example,
the number of the antenna ports 1s 128.

In FIG. 2C, a group of a plurality of elements forms one
antenna port. In this example, similar to FIG. 2B, the
antenna elements 24 for the orthogonal polarization are
used, so that an element group 235 surrounded by a frame
forms two antenna ports, which are an antenna port corre-
sponding to a first polarization, and an antenna port corre-
sponding to an orthogonal second polarization.

By adjusting, for each antenna port, an amount of phase
rotation (and/or an amplitude) by multiplying data to be
supplied to the antenna port by weighting of a precoding
vector, a beam to be transmitted from a plurality of antenna
ports can be caused to have a directivity. By increasing beam
gain by precoding, a radio wave can be transmitted to
tar-away locations; however, a beam width 1s narrowed.
Accordingly, the base station 10 executes beam tracking
where a transmit beam 1s caused to track the user equipment
30, so that no hole 1s generated 1n the coverage, even if the
beam width 1s narrowed.
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FIG. 3A and FIG. 3B illustrate examples of a beam stream
transmitted from the base station 10 during executing beam
tracking. FIG. 3A and FIG. 3B illustrate the direction of the
beams viewed from the antenna apparatus; the lateral direc-
tion of the paper surface i1s a horizontal direction or an
azimuth angle direction, and the longitudinal direction 1s a
vertical direction or an elevation/depression angle direction.

Referring to FIG. 3A, the base station 10 transmits, in
addition to a beam #0 that 1s currently formed for data
transmission to the user equipment 30, a tracking reference
signal (TRS: Tracking Reference Signal) by beams #1
through #6. The beams #1 through #6 are beam candidates,
which are used, upon detecting that the current beam #0 1s
not able to track the user equipment 30. By combining the
beam #0 for data transmission and the beam candidates #1
through #6, a beam stream 51 A 1s formed, which 1s for beam
tracking. In FIG. 3A, a close-packed arrangement 1s used
where adjacent beams are arranged 1n six directions from a
specific beam; however, 1t can be a lattice-like arrangement,
such as that of FIG. 3B.

Upon receiving the beam stream 51A, the user equipment
30 measures reception strength of each beam, and the user
equipment 30 feeds back, to the base station 10, a beam
index with a favorable reception state. The beam index to be
ted back may be the optimum beam index, or beam indexes
of top X beams. Alternatively, for all the beams #0 through
#6, the measurement results may be fed back; or the mea-
surement results may be fed back i a descending order of
the reception quality or an ascending order of the measure-
ment results.

As an example, a case 1s considered where the user
equipment 30 moves toward the rnght direction, when the
user equipment 30 1s viewed from the antenna of the base
station 10. The user equipment 30 1s recerving downlink data
through the current beam #0; however, the measured level of
the beam #2 may become the largest, as the user equipment
30 moves. Upon receiving the feedback for the beam #2
from the user equipment 30, the base station 10 switches the
current beam from the beam #0 to the beam #2, and the user
equipment 30 arranges beam candidates 1n the vicinity of the
beam #2 to transmit a tracking reference signal (TRS).

By transmitting the TRS by the beams #1 through #6, 1n
addition to the current beam #0 that 1s for transmitting data,
beam tracking using seven types of beams (three bits) can be
achieved. Here, 1t may not always be required to define a
new reference signal that i1s the TRS, and a precoded
reference signal (1.e., which has directivity) for measuring a
channel (CSI-RS: Channel State Information Reference Sig-
nal) may be used. Alternatively, the reference signal and the
synchronization signal may be used that are defined or
studied for the existing LTE system or the LTE-Advanced
system, which 1s the evolution of the LTE. As examples of
the existing or studied signals that can be used for beam
tracking, there are synchronization signals, such as the PSS
(Primary Synchronization Signal), the SSS (Secondary Syn-
chronization Signal), and the Enhanced SS, the Discovery
signal, and the Demodulation Reference signal (DM-RS:
Demodulation Reference Signal); however, the signals are
not limited to these.

For the current beam #0, the user equipment can measure
the reception quality, for example, by the DM-RS, so that 1t
1s not always required to transmit separately a reference
signal for beam tracking, such as the TRS.

According to this method, since a limited number of
CSI-RSs (or TRSs) are transmitted 1n the vicinity of the
currently formed beam #0, the overhead of the RS can be
suppressed. The user equipment 30, on the other hand,
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selects a beam with favorable reception quality from the
TRSs traveling with a plurality of directivities to feed back
to the base station, so that downlink data can be received
through a favorable beam that tracks the movement of the
user equipment 30.

Measurement and selection of a signal by the user equip-
ment 30 can be performed based on any parameter, such as
a received power level, a SINR (Signal to Interference-plus-
Noise Ratio), a RSRP (Reference Signal Received Power)
measured through the TRS, or a RSRQ (Reference Signal
Received Quality). In particular, by using the RSRP, the
measurement and selection of the signal may be facilitated.

In FIG. 3B, the lattice-like arrangement 1s used where the
adjacent beams are arranged 1n a grid. The beam stream 51B
1s transmitted where beam candidates #1 through #4 are
arranged around the currently formed beam #0 1n a cross-
shape 1n the horizontal direction and the vertical. With this
configuration, each beam can be 1dentified by three bits, so

that the overhead of the RS can be suppressed.
In FIG. 3A and FIG. 3B, the directivities of the beam

candidates are formed, while being adjacent to the currently
formed beam #0; however, the directions of the beam
candidates may not be physically adjacent to the current
beam #0. For example, for a case where the user equipment
1s moving with relatively high speed toward right when the
user equipment 1s viewed from the antenna apparatus, the
beam candidate #2 at the right side of the current beam #0
may be transmitted 1 a direction that i1s separated, to a
certain extent, from the direction of the beam #0; or two or
more beam candidates may be arranged at the right side of
the current beam #0 with respective diflerent azimuth
angles.

Similarly, for a case where the user equipment 1s moving
in a direction to approach the antenna apparatus (in the
clevation angle direction) or 1n the downward direction, the
beam #3 arranged below the current beam #0 may be
transmitted 1n a direction that 1s separated, to a certain
extent, downward from the direction of the beam #0; or two
or more beam candidates may be arranged toward down-
ward the current beam #0 with respective diflerent elevation
angles.

FIG. 4 1llustrates an example of multiplexing the tracking,
reference signals (TRS). Since usual user equipment (legacy
UE) cannot recognize the existence of the TRS, the perfor-
mance of the legacy UE may be deteriorated when the TRS
1s multiplexed in the shared channel. Thus, 1t can be con-
sidered to be eflective to multiplex the reference signal 1n a
user specific (User-specific) region. Note that it 1s eflective
to multiplex a reference signal, not limited to the TRS, in the
user specific region to suppress the deterioration of the
performance of the usual user equipment.

Alternatively, 1t can be considered to multiplex 1t 1n the
shared channel, while allowing the deterioration of the
performance of the user equipment. In this case, by multi-
plexing the tracking reference signals (TRSs) #0 through #6
in the last symbol or 1n the symbols 1n the latter half of the
subirame of the physical downlink shared channel (PDSCH:
Physical Downlink Shared Channel), the timing difference
between timing of measurement by the TRSs and timing of
transmitting the data can be reduced, so that tracking pre-
cision can be enhanced.

In the example of FIG. 4, the TRSs #0 through #6 are
transmitted 1n the third symbol from the last 1n the subirame
of the scheduled PDSCH. It 1s not limited to this example,
and 1t can be multiplexed 1n a suitable symbol position of the
time slot in the latter half.
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For a case where the TRS 1s multiplexed, i particular, 1n
a user specific region, and density of frequency multiplexing
1s kept constant, 11 a transmission bandwidth of the PDSCH
1s narrow, a TRS resource number 1n the frequency direction
1s decreased, and the tracking precision 1s lowered. Con-
versely, 1 the transmission bandwidth of the PDSCH 1s
broad, the tracking precision becomes high. Thus, the den-
sity of the TRS transmission 1s adjusted, so that the density
of the TRS transmission becomes high for a case where the
transmission bandwidth of the PDSCH 1s narrow, and that
the density of the TRS transmission becomes low for a case
where the transmission bandwidth of the PDSCH 1s broad.
In this manner, reasonable estimation accuracy can be
maintained, which does not depend on the frequency of the
PDSCH allocation nor on the transmission bandwidth.

For the transmission of the TRS, a part of or all the
information required for beam tracking, such as a transmis-
sion signal sequence, a time multiplexed position (ire-
quency), a frequency multiplexed position (frequency), a
code division multiplexing (CDM) sequence for code
spreading, a number of TRSs to be transmitted, and a
number of beam 1ndexes (Bl: Beam Index) to be fed back,
may be configured at the base station 10.

By a configuration where the same transmission signal
sequences are used for diflerent TRSs, while only changing
the time multiplexed position, the frequency multiplexed
position, or the CDM sequence, a number of signaling bits
may be reduced.

Additionally, for the purpose of tracking a plurality of
beams, a plurality of the configuration information items
may be used. In this case, the plurality of beams may be
identified as the configuration numbers, or a configuration
number to be fed back to a terminal may be dynamically
specified, for example.

These configuration information 1tems may be dynami-
cally signaled by a physical downlink control channel
(PDCCH: Physical Downlink Control Channel) or an

ePDCCH (enhanced Physical Downlink Control Channel);

may be semi-statically signaled by a higher layer; or may be
signaled by a combination of a higher layer and a lower

layer.

FIG. § 1illustrates an example where a plurality of beams
52 and 53 are configured. The base station 10 can configure
a plurality of beam streams for beam tracking. The base
station 10 may simultaneously execute beam tracking for the
beam stream 52 and for the beam stream 53, respectively.
The number of the beam streams for tracking may be 1n
accordance with a transmaission rank number.

For a case where there 1s suflicient beam tracking accu-
racy, the feedback information may be continued with the
current beam index (BI). Thus, it can be arranged such that
a number of feedback bits 1s reduced by transmitting a
collective feedback report for the plurality of beam streams
52 and 53.

For example, a one-bit stream 1index may be multiplexed
in the feedback information, and 1t can be arranged such that,
when the value of the bit 1s “1,” 1t indicates a request for
changing the beam stream 33; and when the value of the bat
1s “0,” 1t mndicates a request for changing the beam stream
52. Further, for beam tracking using three bits, 1t can be
arranged such that “000”” indicates that 1t 1s not necessary to
change all of the plurality of beams (TRSs).

Next, feeding back of the beam index (BI) by the user
equipment 30 1s described. The user equipment 30 measures
the beam stream 51 including the current beam for trans-
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mitting the downlink data and beam candidates; and the user
equipment 30 signals the selected beam 1ndex to the base
station.

As 1n FIG. 4, especially, for a case where the tracking
reference signals (1TRSs) from the base station 10 are
multiplexed 1n the PDSCH, 1t 1s eflicient to multiplex the
beam indexes i the ACK/NACK corresponding to the

PDSCH. The feedback may be performed through the physi-
cal uplink control channel (PUCCH: Physical Uplink Con-
trol Channel), or through the physical uplink shared channel
(PDSCH: Physical Uplink Shared Channel).

For a case where a plurality of beam streams 52 and 53 are
received from the base station 10, feedback periods of the
user equipment 30 may be arranged independently for the
beam streams 52 and 53, respectively. For example, for a
case where the beam stream 52 of FIG. 5 arrives at the user
equipment as a direct wave from the base station, and the
beam stream 53 arrives at the user equipment as a reflected
wave, since the beam stream 52 arrives as a LOS (Line of
Sight) wave, 1t can be considered that fluctuations are not so
large. In this case, the overhead 1s reduced by arranging the
teedback period for the beam stream 352 to be greater than
the feedback period for the beam stream 53.

Additionally, 1t can be arranged such that a feedback
trigger 1s transmitted to the user equipment 30 at the
mitiative of the base station 10. By following the feedback
trigger by the base station 10, occasions of uplink transmis-
sion by the user equipment 30 are suppressed, so that the
overhead of the feedback can be reduced.

When beam tracking is largely shifted, such as a case
where the moving speed of the user equipment 30 1s very
high, the beam 1ndex to be fed back to the base station may
not be selected due to severe deterioration of the reception
quality. In this case, 1t can be set such that the user
equipment 30 requests to reconfigure beam tracking by
setting the thee-bit feedback information to be a specific
value, such as “111.”

FIG. 6 1s a flowchart of beam tracking by the base station
10. Prior to mitiation of beam tracking, the base station 10
may roughly detect the direction of the user equipment 30,
namely, the direction 1n which a beam 1s to be formed (S11),
and then the base station 10 may narrow down the direction
of the beam (S12). The rough detection may be performed
by using the PSS (Primary Synchronization Signal)/SSS
(Secondary Synchronization Signal), the Discovery Signal,
the positioning reference signal (PRS: Positioning Refer-
ence Signal), or the GPS (Global Positioning System).
Though S11 and S12 are not essential to the present inven-
tion, by performing, to some extent, narrowing down the
beam, the beam ftracking can be smoothly performed.
Though, 1 FIG. 6, data transmission 1s described only at a
step subsequent to S13, data transmission may also be
performed at a step subsequent to S11 or S12 based on a
result of selecting a cell area’/beam at S1 or S12. An
approximate position of the user equipment 30 1s repeatedly
detected at every constant interval or based on information
from the user equipment 30. Similarly, narrowing down of
the beam 1s repeatedly performed at every constant interval
or based on information from the user equipment 30. In
response to a change i1n the position of the user, after
narrowing down the beam, 1t can be repeated from position-
ing by returning to S11; or only S12 may be repeated.

The base station 10 transmits a beam stream for beam
tracking (S13). At this time, as illustrated 1n FIG. 4 or FIG.
5, one or more beam streams may be transmitted. Each of the
plurality of TRS signals forming the beam stream 1s pre-
coded, so that a desired directivity 1s to be added. Based on
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the example of FIG. 4, a data signal to the user equipment
30 1s transmitted by the beam #0, and at the same time,
reference signals (e.g., the TRSs) for beam tracking are
transmitted by the beams #1 through #6. The base station 10
obtains the result of recerving the beam stream from the user
equipment 30, and the base station 10 selects an optimum
beam (S14). The base station 10 can cause the transmit beam
to track the user equipment by repeating transmission of the
reference signals for beam tracking (S13) and selection of
the optimum beam based on the mformation from the user
equipment 30 (514). After transmitting the reference signals
(S13), or after selecting the optimum beam (S14), the
process may be repeated by returning to S13, or the process
may be restarted by returning to S11 or S12. For example,
for a case where the transmit beam 1s not able to track the
user equipment 30, the current direction of the user equip-
ment 30 may be redetected by returning to S11 or S12.

FIG. 7 1s a schematic configuration diagram of the base
station 10. The base station 10 1s provided with a plurality
of antennas 110-1 through 110-N; and provided with RF
transmitting circuits 107-1 through 107-N, and RF receiving
circuits 111-1 through 111-N, which correspond to the
number of the antennas.

The transmit data 1s converted, for example, for each
codeword that 1s a unit of error correction coding and that 1s
a unit of retransmission, into parallel data at a serial/parallel
converter 106; and after receiving channel coding and
modulation, the transmit data 1s mapped to a corresponding
layer by a codeword to layer mapping unit 102. The layer-
mapped transmit data 1s mapped, under the resource allo-
cation control, to subcarriers by a subcarrier mapping unit
105. At this time, reference signals, such as the TRS and the
CSI-RS, are mapped to the subcarrniers. Here, the reference
signals may have already been precoded. For a case where
the reference signals for tracking are multiplexed 1n the
shared channel, as in FIG. 4, 1t 1s desirable that the reference
signals are mapped to a symbol position 1n the latter half part
of the transmission frame.

The transmit data and the reference signals that are
mapped to the subcarriers are mput to a precoding unit 103.
The precoding unit 103 multiplies the transmit data and the
reference signals (including the TRSs for beam tracking),
which are to be supplied to the antennas 110-1 to 110-N, by
precoding vectors. Here, a part of the mput signal may be
precoded. For example, the reference signals may be pre-
coded at a step prior to the subcarrier mapping.

The transmit signal that 1s weighted (a phase rotation
amount and/or an amplitude wvariation amount are/is
adjusted) by precoding 1s output from the multiplexer 104 as
transmit signals for respective antennas 110. After receiving,
the discrete Fourier transform (DFT), the mverse Fourier
transform (IFFT), and addition of the cyclic prefixes, which
are not depicted, the transmit signals are converted 1nto radio
frequency signals by the RF transmitting circuits 107-1
through 107-N. The radio signals are transmitted from the
antennas 111-1 through 111-N wvia the duplexers 108-1
through 108-N, respectively.

Feedback signals from the user equipment 30 are mput,
via the antennas 110-1 through 110-N and the duplexers
108-1 through 108-N, to the RF receiving circuits 111-1
through 111-N to be converted into baseband signals. Con-
trol signals and data channel signals are separated from the
baseband signals; and feedback information 1s demodulated
at a feedback information processing controller 119 based on
estimated values at a channel estimation umit 118. The
operation of the channel estimation unit 118 based on the
reference signals for channel estimation, the demodulation
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(the operation of a data channel signal demodulator 117) and
decoding of the data signals, and the operation of a parallel/
serial converter 126 are not directly related to the invention,
so that the description 1s omitted.

The feedback information processing controller 119 deter-
mines whether a beam index 1s included in the feedback
information, or whether a beam tracking failure occurs. For
a case where a beam index from the user equipment 30 1s
included in the feedback information, the beam index i1s
reported to a precoding weight generator 122. For a case
where a plurality of beam indexes are included in the
teedback information, the optimum beam index and beam
indexes for beam candidates are selected to be reported to
the precoding weight generator 122. The precoding weight
generator 122 generates a precoding vector corresponding to
the beam index.

For a case where the feedback mformation indicates a
beam tracking failure (e.g., a case where “111” 1s indicated),
the beam may be narrowed down, and the precoding weight
generator 122 may be 1nstructed to reconfigure the precod-
ing weight.

The demodulated feedback information 1s also supplied to
a transmission rank selector 121. The precoding weight
generator 122 may generate a precoding weight set, so that
a number of beam streams corresponding to the number of
the rank selected by the transmission rank selector 121 are
formed.

FIG. 8 1s a processing flow to be executed by the user
equipment 30. The user equipment 30 receives, together
with downlink data addressed to the user equipment 30,
beam streams for tracking, which include the beam candi-
dates (S31). The received data signal and beam candidates
for tracking are measured (S32); and a suitable beam 1ndex
1s 1included 1n the feedback information and transmitted to
the base station (S33). Further, for a case where the recerved
beam streams do not include a beam with reception quality
that exceeds a threshold value, feedback information with a
specific value (e.g., “1117) may be returned. Furthermore,
for a case where quality of the received beam stream 1s
favorable, and it 1s not necessary to switch the beam, another
specific value (e.g., “000”) may be returned. For a case
where a plurality of beam streams are received from the base
station 10, a stream number for 1dentifying a beam stream
that needs to be changed may be included 1n the feedback
information.

FIG. 9 1s a schematic configuration diagram of the user
equipment 30. The user equipment 30 receives, by antennas
307-1 through 307-M, the data signal and the reference
signals for beam tracking (TRSs) transmitted from the base
station 10; and inputs these, via duplexers 306-1 through
306-M, to the RF recerving circuits 308-1 through 308-M to
receive baseband signals. The baseband signals are sepa-
rated, via removal of the cyclic prefixes and the first Fourier
transform, which are not depicted, into the data signal, the
reference signals, and control signals.

The reference signals (including the CSI-RS and the TRS)
that are demodulated based on the channel states estimated
by a channel estimation unit 312 are input to a channel
quality measurement unit 315, so that the channel quality 1s
measured. A rank/precoding weight selector 314 selects a
rank 1index and a precoding weight based on the measured
channel quality.

A Tfeedback signal generator 316 selects one or more
tavorable beam 1ndexes from the received beam streams to
generate a feedback signal. For a case where there 1s no
favorable beam index, a feedback signal including, for
example, a value of “111” 1s generated; and for a case where
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the beam 1s not to be switched, a feedback signal including,
for example, a value of “000” 1s generated. For a case where
a plurality of TRS beam streams are receirved, a bit for a
stream 1ndex that collectively indicates selection informa-
tion for the plurality of beam streams may be added to the
teedback information.

The generated feedback information 1s combined with
precoded uplink transmit data and reference signals at a
multiplexer 302; and outputs as transmit data for each of the
antennas 307. The transmit data including the feedback
information are converted into radio frequency signals by
the RF transmitting circuits 305-1 through 305-M. The radio
signals are transmitted from the corresponding antennas
307-1 through 307-M wvia the duplexers 306-1 through
306-M.

By the above-described method and configuration, for a
case where a beam with a strong directivity 1s formed by
precoding, a transmit beam can be efliciently caused to track
user equipment.

Note that the above-described technology can also be
applied to the multi-user (MU) MIMO. In this case, a beam
index that 1s desirable to be applied to simultaneously
multiplexed user equipment, namely, a beam number with
which the interference from another user 1s small may be fed
back to the base station 10.

This patent application 1s based upon and claims the
benefit of priority of Japanese Patent Application No. 2014-
059180 filed on Mar. 20, 2014, and the entire contents of

which are incorporated herein by reference.

The mvention claimed 1s:

1. A mobile communication system comprising:

a base station provided with a plurality of antenna ports;
and

a terminal that executes radio communication with the
base station,

wherein the base station transmits, to the terminal, a first
beam for transmitting a data signal and a plurality of
second beams for transmitting a plurality of synchro-
nization signals,

wherein the terminal measures a synchronization signal
transmitted through the first beam and the plurality of
synchronization signals transmitted through the plural-
ity of second beams, and

wherein the terminal selects one or more beams from the
first beam and the plurality of second beams and
transmits a result of the selection to the base station.

2. A terminal comprising:

a recerver that receives a data signal from a base station
through a first beam, and a plurality of synchromzation
signals through a plurality of second beams;

a processor that measures a synchromization signal trans-
mitted through the first beam and the plurality of
synchronization signals transmitted through the plural-
ity of second signals; and

a transmitter that selects one or more beams from the first
beam and the plurality of second beams and transmits
a result of the selection to the base station.

3. A communication method executed by a terminal, the

method comprising:

recerving a data signal from a base station through a first
beam, and recerving a plurality of synchromzation
signals through a plurality of second beams;

measuring a synchronization signal transmitted through
the first beam and the plurality of synchromization
signals transmitted through the plurality of second
signals; and
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selecting one or more beams from the first beam and the
plurality of second beams and transmitting a result of
the selection to the base station.
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